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ABSTRACT 

Introduction: Pulmonary stenosis remains the most frequent complication and cause of reintervention after the 
arterial switch operation for transposition of the great arteries We investigated the onset, incidence, and outcome 
of pulmonary stenosis after arterial switch operation in neonates with transposition of the great arteries and 
intact ventricular septum. 

Methods: Arterial switch operation using Lecompte maneuver was performed in 222 neonates with transposi- 
tion of great arteries and intact ventricular septum. Complete medical records with serial echocardiograms were 
available for 174 (73 %) patients and were reviewed for incidence of postoperative pulmonary stenosis defined as 
a thickened and doming pulmonary valve and/or a pressure gradient of > 25 mmHg. 

Results: During a mean follow-up of 14.4 + 0.54 years, 31 children developed pulmonary stenosis. Onset of 
significant stenosis occurred as early as 30 days and as late as 10 years after arterial switch operation. Uncompli- 
cated interventional balloon/stent angioplasty was performed in 11 patients with supravalvular stenosis (mean 
pressure gradients of 65 mmHg). Severe restenosis occurred in these patients post-angioplasty (range 2-7 years). 
In other 10 patientseither patch enlargement of the area involved or angioplasty were performed. Freedom from 
intervention was 68.6 + 8.7% atl year and 42.8.1 + 9.5% at 15 years and onwards. 

Conclusion: Over time, pulmonary stenosis developed after arterial switch operation. Balloon angioplasty for 
supravalvular pulmonary stenosis could be the initial treatment of choice owing to the high success rate. Surgical 
intervention is offered to those with pulmonary valve stenosis having pressure gradients of > 50 mmHg, and for 
re-stenosis after intervention/stent implantation. 
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INTRODUCTION 

Arterial switch operation (ASO) is the 
treatment of choice for transposition of the 
great arteries with intact ventricular sep- 
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turn (TGA-IVS) in neonatal age, because of 
the low mortality and morbidity during the 
long follow-up (1). Right ventricular out- 
flow obstruction is the most frequent post- 
operative complication (2-4), occuring with 
sufficient severity to require reinterven- 
tion in up to 10% of cases (1,5). Usually 
the obstruction is at the level of either the 
pulmonary trunk or pulmonary bifurcation 
or, less commonly, in the right ventricular 
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infundibulum. Conversely, right ventricu- 
lar outflow obstruction resulting from pul- 
monary valve stenosis (previously aortic 
valve) is exceedingly rare (6). Currently, 
there are only few reports on the timing of 
occurrence of pulmonary stenosis (PS) af- 
ter arterial switch operation for transposi- 
tion of the great arteries. 
We report our series of TGA with IVS who 
underwent ASO using the Lecompte ma- 
neuver (7). We aimed to evaluate the onset 
and development of postoperative PS over 
time, to assess the outcome of reinterven- 
tion and to identify risk factors for devel- 
opment of pulmonary artery stenosis and 
opportunities for improvement in surgical 
technique. 

METHODS 

The Institutional Review Board approved 
the study and waived the need for patient 
consent. Patient population. We conducted a 
retrospective review of patients with TGA- 
IVS from the congenital heart surgery and 
pediatric cardiology databases. All data 
were regularly transmitted to our institu- 
tion and missing data were obtained by 
recall of the referring cardiologist. Opera- 
tive and hospital discharge data from Janu- 
ary 1987 to December 2010 were available 
for 222 neonates who underwent arterial 
switch operation using Lecompte maneuver 
for TGA-IVS. The cardiology database was 
used for the retrospective collection of post- 
discharge information, and the last known 
contact was used for the final determination 
of status and the generation of Kaplan-Mei- 
er curves. Patients with incomplete follow- 
up and inadequate echocardiographic infor- 
mation were excluded. Adequate follow-up 
data and complete serial echocardiograms 
done at regular intervals were available for 
174 children, and were reviewed for onset 
and incidence of postoperative PS either at 
the valvular, supravalvular or branch artery 



level. The right ventricular outflow tract 
(RVOT) was evaluated by pulsed wave and 
continuous wave Doppler echocardiogra- 
phy obtained from the parasternal long- or 
short-axis views. Mean pressure gradient 
was determined by Bernoulli's simplified 
equation. Pulmonary valve stenosis was 
considered present when pulmonary valve 
leaflets were seen to be doming and thick- 
ened and an echocardiographic mean pres- 
sure gradient of more than 25 mmHg across 
the valve was documented. The diameters 
of the neopulmonary valve annulus, main 
pulmonary artery (neo-mPA) at anasto- 
motic sites as well as the diameters of the 
right and left branch pulmonary arteries 
(PA) were recorded. Supravalvular pulmo- 
nary artery stenosis was considered present 
when the region above the pulmonary valve 
sinuses was less than that of the pulmonary 
valve annulus, with or without the presence 
of branch PS. In children who developed 
neo-pulmonary stenosis, intervening serial 
echocardiograms were also reviewed. Peak 
systolic pressure gradients were assigned ac- 
cording to the categories given in Table 2. 
Cardiac catheterization was indicated when 
echocardiography revealed peak pressure 
gradients of more than 40 mmHg or other 
abnormalities. 

Reinterventions, consisting of balloon an- 
gioplasties and stent placement and/or re- 
operations, were indicated when PS was 
severe and progressive. Balloon angioplasty 
was preferred in distal or peripheral branch 
stenosis, and reoperations in central or 
proximal stenoses or after unsuccessful bal- 
loon angioplasties. The severity and local- 
ization of supravalvular PS and frequency 
of reinterventions on the RVOT and the 
pulmonary arteries were recorded. 
Data analysis. All data were analyzed with 
the SPSS 16.0 (SPSS Inc., Chicago II, USA) 
software program. Data are expressed as ab- 
solute and percentage frequency values and 
continuous data as mean ± standard devia- 
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tion, as appropriate. Univariate analyses of 
continuous variables were performed with 
the Student t test. Univariate comparisons 
for categorical variables and the association 
of risk factors with reoperations were ana- 
lyzed with Pearson's chi-square test, two- 
tailed Fisher's exact tests of the displayed 
proportions, and odds ratios. Cox regres- 
sion analysis was used to determine the 
risk factors for development of pulmonary 
stenosis or multivariable predictors of free- 
dom from reintervention. Every univariate 
parameter that reached significance with a 
p value of 0.05 or less was then tested in 
a multivariate logistic regression model. 
Time related events were examined by the 
actuarial method; analyses were done with 
censoring of incompletely traced patients 
after the time of the last follow-up and dif- 
ferences between groups were calculated by 
the log rank test. Freedom from reoperation 
was analyzed according to Kaplan-Meier 
estimates with 95% CI. Echocardiographic 
measurements were reported as mean pres- 
sure gradient in mmHg. Onset of pressure 
gradients changes was recorded and time to 
reintervention was plotted with the use of 
Kaplan-Meier estimates. 

RESULTS 

Study population. The study population in- 
cluded 174 children (112 males, 62 females) 
who had an ASO in neonatal age ( < 30 days 
of life) for TGA-IVS. Their demographic 
profile is shown in Table 1. The ASO was 
performed at a mean age of 1.7 + 0.42 days 
(range 1-28 days) and at body weight of 
3.3 kg (range 1.7-3.5 kg). Mean follow-up 
interval was 18 months (range < 1 month 
to 90 months). Seventy-nine (45.43%) had 
other associated cardiac anomalies, which 
were corrected during the same surgical 
procedure. 

Operation, The surgical technique of ASO 
at the Deutsches Herzzentrum Berlin is 



Table 1 - Demographic profile ofl 74 neonates who un- 
derwent arterial switch operation for simple transposi- 
tion of great arteries. 



Variable 


N, values 


Mean age (days) 


1.7 + 0.42 days 
[range 1-28 days) 


Mean weight (kg) 


3.3 + 0.6 
(median -3.1; 
range 1.7-3.5) 


Male/female 


112/62 


Associated anomalies 
Coarctation of aorta 
Coronary artery anomalies 
MAPCAS 
PDA 
PAPVD 

Mitral valve abnormalities 


3 
6 
4 
61 

3 
2 


Previous operations 


44 


One-/two-stage ASO 


130/44 


One-Ztwo-patch technique 


168/6 


Mean follow-up (years) 


14.4 + 0.54 range 
(1-21.8) 


ASO = arterial switch operation; MAPCAS = multiple aor- 
topulmonary collateral arteries; PAPVD = partial anoma- 
lous pulmonary vein defect; PDA = patent ductus arteriosus 



standard. The ASO was performed with 
cardiopulmonary bypass without circulato- 
ry arrest using Lecompte's maneuver with 
removal of coronary artery buttons and 
patch replacement of the valve sinus where 
the coronary buttons were excised. To close 
the defects in the sinuses, a single generous 
autologous pericardial patch fashioned in a 
pantaloon-like shape was used in all except 
6 patients, in whom individual pericardial 
patches were used. 



Table 2 - Peak systolic gradients across the right ven- 
tricular outflow tract and the pulmonarg vessels. 



Gradient 
severity 


Pressure 
gradient (mmHg) 


N 


% 


Absent 


0-16 


115 


66.1 


Mild 


<25 


28 


16.1 


Moderate 


25-50 


22 


12.6 


Severe 


>50 


9 


5.1 
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Figure 1 

Categor^j distri- 
bution of pulmo- 
narjj stenosis af- 
ter ASO in chil- 
dren with TGA- 
IVS. 

ASO = arterial 
switch operation. 



Follow-up evaluation. Onset and incidence 
of pulmonary stenosis. Mean systolic pres- 
sure gradients across the pulmonary valve 
of 174 children over a mean follow-up of 
14.4 + 0.54 (range 1-21.8) years are cat- 
egorized in Table 2 and distribution over 
subsequent follow-up years is shown in 
Figure 1. Concerning its location [Figure 
2), the obstruction occurred mostly at the 
main pulmonary trunk (28.1%), followed 
by the right pulmonary branch artery 
(24.3%). The pulmonary bifurcation, left 
pulmonary branch artery and infundibu- 
lum had a prevalence of 16.54%, 18.4% 




Figure 2 - Localization of the pulmonarg stenosis. 
RPA = right pulmonarg arterg; LPA = left pul- 
monarg arterg; MPA = main pulmonarg arterg. 



and 5 % respectively. Valvular stenosis had 
a prevalence of 7.7%. Over this period, 
31 (17.8%) patients, whose demographic 
profile is shown in Table 3, developed sig- 
nificant PS warranting intervention. Serial 



Table 3 - Demographic profile of 31 post-arterial 
switch children who developed pulmonarg stenosis. 



Variable 




Male, female 


25/6 


Mean age at ASO (days) 


5.46 + 0.83 
(median 6; 
range 4-18) days 


Mean weight at ASO 


3.4 + 0.48 
(median -3.1; 
range 1.78-3.5). 


Associated anomalies 
Coronary artery anomalies 
PDA 
PAPVD 


3 
8 
1 


One-/two-stage ASO 


26/5 


One-/two-patch pulmonary 
technique 


25/6 


Mean follow-up (years) 


11.07 + 0.85 
(median- 10; 
rage-0.67-17.54) 


Earliest onset of PS 


1 month 


Latest onset of PS 


8 years 


ASO = arterial switch operation; PAPVD = partial anoma- 
lous pulmonary vein defect PDA = patent ductus arterio- 
sus; PS = pulmonary stenosis 
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echocardiographic studies of these particu- 
lar children showed that at 1 month postop- 
eratively, they started having pressure gra- 
dients across the valve in the range of 16-23 
mm Hg, which over time increased to mean 
peak pressure gradient of 55 + 17 mmHg. 
Onset of significant stenosis occurred as 
early as 30 days and as late as 10 years af- 
ter arterial switch operation. Mean systolic 
pressure gradients across the pulmonary 
artery anastomosis at the supravalvular, 
right and left branch pulmonary artery lev- 
els are shown in Figures. 3a, h and c, respec- 
tively. Stenosis of main pulmonary artery 
combined with stenosis of both right and 
left branch arteries occurred in 9 (29 % ) 
patients. Stenosis of the left pulmonary ar- 
tery branch occurred in 8 (25.8%), of both 
right and left branches in 7 (22.6 % ), of the 
right pulmonary artery branch alone in 2 
(6.4%) and of the main pulmonary artery 
alone also in 2 (6.4%); 3 (9.7%) patients 
had stenosis of both main pulmonary and 
right artery branch. 

Interventions. These 31 children, at a mean 
follow-up of 11.07 + 0.85 (median 10.9: 
range 0.67-22.54) years, had a total of 57 
re-interventions in the form of balloon 
or stent implantation, patch enlargement 
and/or pulmonary artery valved conduit 
replacement or a combination, as shown 
in Figure 4a. Interventional balloon or 
stent implantation was performed without 
complications in 11 patients with supra- 
valvular stenosis (main pulmonary artery, 
bifurcation, right and/or left pulmonary 
branches, mean pressure gradients of 65 
mmHg). Post-interventional mean pres- 
sure gradients were reduced to a mean of 
16 mmHg. In 10 patients severe restenosis 
occurred post-angioplasty - 2 had repeat 
balloon angioplasty, 5 underwent patch 
enlargement of the involved areas and 
and 3 had involvement of the pulmonary 
valve, forwhich replacement with Contegra 
(Medtronic Inc, Minneapolis, MN) con- 



Figure 3 - Mean pressure gradient through the 
pulmonarg arterg anastomosis at follow-up after 
arterial switch operation using Lecompte maneu- 
ver, a. (main pulmonarg trunk level, supraval- 
var]; b. right pulmonarg arterg branch level; c. 
left pulmonarg arterg branch level. 
ASO = arterial switch operation. 
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Figure 4a - Site-related reinterventions performed during follow-up. The characters on the right show 
the specific site of reinterventions: B-Bifurcation, L- left pulmonary branch arterg, M- main pulmonary 
artery, PVR- pulmonary valve replacement, R- right pulmonary branch artery, RVOT-right ventricu- 
lar outflow tract. 



duit was done. In 10 patients, pulmonary 
stenosis was determined to have occurred 
at a mean of 9 months with mean pressure 
gradient across the valve of 25 mmHg. Over 
a mean of 3.4+1.8 years, mean pressure 
gradients increased to > 50 mmHg. Hence, 
over a span of 5 years postoperatively, these 
patients (mean age 6.3 + 0.4 years) under- 
went patch enlargement of the area in- 
volved. Balloon angioplasty was performed 
in 2 patients who had already undergone 
patch enlargement of the stenosed areas. 



The actual frequency trend of these inter- 
ventions over time is shown in Figure 4h. 
Reoperations for PS were observed up to 10 
years after the ASO in our population. 
Kaplan-Meier estimates of freedom from in- 
tervention were 68.6 + 8.7% at 1 year and 
42.8.1 + 9.5 % at 5, 10 and 15 years {Figure 
5). Median freedom from intervention was 
4.03 years (0.40-7.66). Reinterventions oc- 
curred at different points throughout the 
follow-up period. 

Latest follow-up. At the last follow-up, 
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among the 174 children including those 
who had surgical repair or balloon angio- 
plasty, PS with a mean systolic gradient 
> 50 mmHg was observed in only 2.2 % . 
Risk factors for pulmonary stenosis. Pulmo- 
nary stenosis occurred in 22.3 % males and 
9.7% females. The mean age at ASO was 
5.46 + 0.83 (median 6; range 4-18) days 
for patients with PS (p = 0.240) versus 
8.46 + 0.83 (median 7; range 5-16) days for 
patients without PS (p = 0.240) Associated 



coronary anomaly patterns did not relate 
to the development of neopulmonary ste- 
nosis: PS developed in 28 children without 
coronary artery anomalies and in 3 with 
abnormal origins (single coronary artery) 
(p = 0.546). Previous pulmonary banding/ 
shunting was not correlated with develop- 
ment of PS (p = 0.888). The pulmonary 
patch technique used was highly associated 
with the development of pulmonary steno- 
sis (p = 0.002) which occurred in all 6 pa- 
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184 Table 4 - Predictor analysis for development of pulmonary stenosis (mean pressure gradient of >25 mmHg). 

ASO = arterial switch operation. 



Variable 


OR 


95% CL 


p value 


Mean age at ASO 


05.46 + 0.83 
(median - 6; range 4-18) 


4-18 


0.240 


Mean weight at ASO 


3.3 + 0.67 
(median -3.1; range 2.75-3.5) 


1.78-3.59 


0.174 


Male/female 


1.168 


0.691-1.101 


0.293 


Associated coronary 
anomalies 


0.311 


0.0-0.364 


0.546 


Previous pulmonary 
artery banding/shunt 


0.020 


0.0-0.20 


0.888 


l-/2-patch pulmonary 
technique 


10.474 


11.910-15.148 


0.002 



tients in whom two individual pericardial 
patches were used {Table 4). 

DISCUSSION 

The arterial switch operation in neonatal 
age has become the most accepted procedure 
for TGA owing to the theoretical advantag- 
es over the physiologic repair of Mustard or 
Senning and an acceptable mortality and 
morbidity (7, 8). The most common com- 
plication is stenosis of the pulmonary arter- 
ies with a reported incidence of 7 to 40 % 
(8, 9). Pulmonary artery stenosis may be 
related to the technique of reconstruction 
of the proximal pulmonary arteries with a 
patch to fill the defects in the posterior wall 
where the coronary artery buttons were ex- 
cised (3) or to the Lecompte's maneuver (7) 
itself. Pulmonary valve stenosis has been 
reported rarely in patients who have un- 
dergone either a single-stage (10) or a two- 
stage (11) ASO. Staging with pulmonary 
artery banding has been noted as a risk fac- 
tor for development of neopulmonary valve 
stenosis (11) in contrast with our findings. 
However, the incidence, risk factors, and 
early outcome after a single-stage ASO in 
neonates have not been described. 



In our series, the preoperative examination 
did not show pulmonary valve dysplasia or 
stenosis, and direct inspection during sur- 
gery showed a trileaflet aortic valve. No sig- 
nificant right ventricular outflow tract ob- 
struction early after surgery was recorded. 
Thus the cause of the late onset neopulmo- 
nary valve stenosis is not well understood, 
although it could be presumed that, over 
time, negligible mild valvular dysplasia 
evolved into frank stenosis. It could also be 
speculated that the increased pulmonary 
trunk pressure secondary to the supraval- 
var stenosis may have caused turbulence 
and shear stress of the valve leaflets, result- 
ing in progressive valvular stenosis. This 
form of right ventricular outflow tract ob- 
struction had developed only in 3 patients 
who initially had stenosis of the main pul- 
monary trunk and right pulmonary branch 
artery. This was successfully treated ini- 
tially by percutaneous balloon angioplasty, 
but later replacement with a jugular bovine 
valved conduit was deemed necessary. 
Onset of neopulmonary stenosis: In 19 
(10.95%) children, PS developed within 
the first year after repair, whereas in 12 
(6.9 %) the lesion developed beyond 1 year 
after operation. This observation concurs 
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with the suggestion of other investigators 
that neopulmonary stenosis tends to de- 
velop primarily during the first year after 
repair (12). In our series, neopulmonary 
stenosis has been responsible for 58% of 
reoperations including percutaneous cath- 
eter interventions. 

Frequency of supravalvular PS and PA 
branch stenosis after ASO varies largely 
in the literature, ranging from 3.9% (13) 
to 41.6% (14), depending on the complex- 
ity of the patient population (TGA-VSD, 
Taussig-Bing anomaly included or not), on 
the definition of relevant supravalvular PS 
( > 15 mmHg or > 50 mmHg), the method 
of hemodynamic evaluation (echocardiog- 
raphy only or catheter), and on the dura- 
tion of follow-up. 

Accordingly, the incidence of surgical rein- 
terventions ranges from 1% (15) to 22% 
(16) and is higher when catheter interven- 
tions are also included and the policy of 
reintervention was more aggressive [dilata- 
tion already at 35 mmHg (17). 
Our 23-year follow-up series with 17.8% 
of patients receiving treatment for PS con- 
firms the general observation that PS is the 
most frequent complication after ASO (13, 
14, 16, 18, 19). Though reoperation for PS 
was more frequent early after ASO, its in- 
cidence decreased afterward, but persisted 
at least 10 years after ASO in our series. 
Our present technique to reconstruct the 
pulmonary artery and avoid late PS in- 
cludes previously described principles with 
some minor modifications. Basically, fresh 
autologous pericardium fashioned in pan- 
taloon shape is used to fill the gap in the 
pulmonary root due to the button harvest- 
ing of coronary arteries. This pericardium 
is finely sutured around the edges of the 
pulmonary root and tailored so as to re- 
store preoperative anatomy. Moreover, the 
division of the pulmonary artery before the 
Lecompte maneuver is performed as low 
as possible, namely, a very few millimeters 



above the pulmonary valve commissures, so 
that the suture of the neopulmonary trunk 
is away from the pulmonary bifurcation. 
We assume that stenosis of the reconstruct- 
ed pulmonary artery is usually due to the 
distortion or retraction of the pericardial 
patch used to cover the defect left by the 
coronary artery harvest. Technical refine- 
ments, especially the use of larger patch, 
and percutaneous dilatation have greatly 
reduced the incidence of severe stenosis 
and the need for reoperation. 
In accordance with the results of other in- 
vestigators (18), we found that two sites are 
predisposed to develop PS, i.e. the proximal 
and distal sites. 

Supravalvular PS, as depicted in Figure 2a 
is undoubtedly attributable to the extensive 
surgery at that specific site. In addition, any 
suture and material used for covering the 
excision defects in the neo-pulmonary ar- 
tery roots has only a very restricted growth 
potential. Because of the compensating cir- 
cumferential growth of the vessel wall, the 
whole diameter normally may increase suf- 
ficiently (20) and asymmetrically, because 
of scarring. 

Stenosis of the pulmonary branches has 
been attributed to "inadequate surgery" 
(20) and unfavorable flow phenomena (21, 
22). Both pulmonary artery banding (24) 
and the type of patch technique used to 
correct the defects in the pulmonary artery 
walF have been suggested as technical fac- 
tors that can lead to valvular and supraval- 
vular stenosis. 

In this series, ASO was performed with a 
fairly standardized technique for repair of 
the buttons (a generous single pantaloon- 
shaped patch of fresh or glutaraldehyde- 
treated autologous pericardium). Therefore, 
the technique for RVOT reconstruction ap- 
peared in our series to be related to the de- 
velopment of neo-pulmonary stenosis. The 
influence of varying the number of patches 
used was assessed because the double-patch 
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186 method was used in 6 patients, who all de- 
veloped pulmonary stenosis. We were able 
to find a correlation between the use of dou- 
ble-patch technique versus pantaloon patch 
technique and the development of pulmo- 
nary artery stenosis, as in some reports that 
progression of stenosis is higher in patients 
undergoing the double-patch technique, 
because this fills only the defects left by 
coronary artery explantation, whereas the 
single pantaloon patch provides additional 
length and tissue quantity to the proximal 
neopulmonary root for a complete pulmo- 
nary circumferential anastomosis. Pretre et 
al. (25) suggested that stenosis of the recon- 
structed pulmonary artery is usually due to 
distortion or retraction of the pericardial 
patch used to cover the defect left by the 
coronary harvest. 

In our series, we did not find any correla- 
tion between age at operation and develop- 
ment of moderate to severe mean transpul- 
monary gradient, as was also the findings 
by several investigators (26, 27). 
We may only assume that there could have 
been inadequate growth of the pulmonary 
artery resulting in flattening of the recon- 
structed right ventricular outflow tract. 
Another cause may be the technique em- 
ployed for PA reconstruction (28). 
The tension of the anastomotic site has 
been implicated as a possible adjunctive 
factor to inadequate somatic growth at the 
suture line. 

Thus far, after a mean follow-up of near- 
ly 15 years, the pulmonary artery seems 
to withstand the hemodynamic stress of 
the pulmonary circulation. However, we 
should still be cautious as distal supraval- 
vular stenosis can still occur over time, al- 
though its frequency has decreased because 
of technical refinements. 
The ASO technique keeps its promise. 
The present study showed good left ven- 
tricular function in the overwhelming ma- 
jority of patients. 



Limitations 

The retrospective nature of this study im- 
posed several inherent limitations. First, 
these patients were referred from various 
institutions; thus follow-up echocardio- 
grams were done by various referring cardi- 
ologists; hence findings were not uniformly 
reported and quantification of right ventri- 
cle-pulmonary artery gradient may change 
with the observers and the centers. 
Second, it would have been better if other 
parameters such as preoperative and fol- 
low-up pulmonary valve annulus and pul- 
monary artery (previous aorta) diameter 
had been measured to assess pulmonary 
growth. 

Finally, end points and the protocol of the 
follow-up should have been determined 
prospectively. 

CONCLUSION 

This study indicates that as early as 1 
month through a period of 15 years, supra- 
valvular as well as valvular pulmonary ste- 
nosis developed after arterial switch opera- 
tion for transposition of great arteries with 
intact ventricular septum. It is the most 
common cause of reintervention. Balloon 
angioplasty could be the initial treatment of 
choice owing to the high success rate, with- 
out complications. 

Surgical intervention is offered for recur- 
rent and combined stenosis after interven- 
tion or stent implantation, and for patients 
with pulmonary stenosis with pressure gra- 
dients of > 60 mmHg. 
Our data show that pulmonary stenosis 
is not an uncommon event after neonatal 
ASO for simple transposition of great arter- 
ies . even if a uniform surgical procedure is 
adopted. Echocardiograms should be done 
at regular intervals during follow-up. 
Although we found only a single risk factor 
for the development of pulmonary steno- 
sis, we should be still cautious and vigilant 
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in following up these children, bearing in 
mind that any patient can have pulmonary 
stenosis at any time after ASO. 
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